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measurement	 involving	 only	 the	 skull	 (Cooper	 et	 al.,	 1965),	 and	 the	 values	 obtained	 from	 simulation	



























the	8	 tissues	 included	 in	 the	model:	 skin	and	muscle	 (0.435	S/m),	 fat	 (0.078	S/m),	bone	 (0.0064	S/m),	
marrow	(0.0286	S/m),	major	blood	vessels	(0.49	S/m),	cerebrospinal	fluid	(CSF;	1.79	S/m),	gray	matter	












































We	 adopted	 the	 usual	 quasistatic	 approximation	 of	 Maxwell	 equations	 (Geselowitz,	 1967).	 This	
approximation	is	valid	in	the	head	tissues	for	frequencies	up	to	several	kHz	(Hämäläinen	et	al.,	1993).	The	
conductivity	 inside	 the	 subdural	 grid	 is	 zero,	 with	 neither	 ionic	 nor	 electronic	 conduction.	 There	 are	
displacement	 currents	 inside	 the	dielectric	 substrate	of	 the	grid,	but	 the	effect	of	 these	displacement	





5	 electrode	 placement	 system	 (Oostenveld	 and	 Praamstra,	 2001;	 Jurcak	 et	 al.,	 2007).	 In	 the	 figures	
showing	the	scalp	electric	potential	distribution	the	values	were	linearly	interpolated	to	other	points	on	
the	scalp	for	aesthetic	reasons	only.	




we	 computed	 the	 standard	 deviation	 of	 the	 scalp	 potential	 of	 6000	 dipolar	 generators	 randomly	
distributed	 on	 both	 hemispheres	 of	 the	 cortical	 surface.	 This	model	may	 not	 be	 totally	 adequate	 for	







grid,	 modeling	 the	 generators	 of	 epileptic	 ictal	 or	 interictal	 activity.	 Figure	 2	 shows	 the	









the	distance	between	the	center	of	 the	generator	and	 the	nearest	grid	border,	both	projected	on	 the	
subdural	surface.	A	larger	variability	of	the	amplification	factor	is	observed	for	smaller	generators.	This	is	




near	the	grid	border,	given	that	 it	cannot	flow	through	the	grid.	For	 large	generators	this	effect	 is	not	
important	and	the	only	effect	of	the	grid	is	the	attenuation	of	generators	under	it.	This	attenuation	can	
reach	a	 factor	of	3	 for	10	cm²	generators	centered	under	the	center	of	 the	grid,	although	attenuation	








extent	 of	 the	 source	on	 the	 cortex,	 and	 the	 electric	 potential	 distribution	on	 the	 scalp	 for	 the	model	
without	subdural	grid	and	the	models	with	the	4	x	8	grid	with	and	without	skull	holes.	The	difference	




















the	 fenestrated	8	x	8	cm	grid.	The	amplification	due	to	 the	skull	holes	 is	around	25%	 in	all	 cases.	The	
fenestrated	grid	does	not	affect	the	background	activity	level	on	the	scalp.	It	may	seem	surprising	that	the	
background	activity	 is	attenuated	only	10%	over	 the	4	x	8	cm	grid	while	a	generator	under	 the	grid	 is	
attenuated	 3	 times.	 However,	 due	 to	 the	 spatial	 smoothing	 of	 the	 scalp	 potential	 by	 the	 skull,	 the	
background	activity	measured	at	any	point	on	the	scalp	is	not	generated	only	in	the	cortex	below	it,	but	
also	 in	 more	 distant	 cortical	 regions.	 As	 long	 as	 the	 background	 brain	 activity	 model	 contemplates	
simultaneous	electric	activity	in	many	different	cortical	regions	(de	Munck,	1992),	the	attenuation	of	the	













holes,	but	the	 implications	are	 less	significant,	since	the	 ideal	position	of	the	grid	 is	directly	above	the	
generators	 of	 epileptic	 activity.	 An	 extreme	 example	 of	 the	 scalp	 electric	 potential	 resulting	 from	 a	




















We	would	 like	 to	point	out	 that	while	 this	 is	a	simulation	study,	we	are	confident	 that	 the	results	are	
robust	and	point	to	a	phenomenon	that	is	present	in	actual	measurements.	There	are	several	reasons	for	






as	 the	 conductivity	 of	 the	 tissues	 or	 the	 cortical	 thickness	 is	 highly	 reduced	 as	 well	 in	 such	 a	 study	
comparing	pairs	of	models.	In	other	words,	the	best	way	to	study	the	effect	of	the	subdural	grid	on	the	
scalp	EEG	is	by	comparing	the	simulation	results	between	models	which	only	differ	in	the	inclusion	of	the	
grid.	Also,	we	used	an	extremely	detailed	model,	with	accurate	geometric	 representation	of	 the	 limits	






highly	 localized	 effect	 of	 the	 subdural	 grid	 and	 skull	 holes	 also	 accounts	 for	 this	 limited	 background	
variation.	 The	 background	 activity	 is	 generated	 by	 the	 whole	 brain,	 and	 only	 the	 relatively	 small	









Interictal	 Epileptic	 Discharges	 (IEDs)	 when	 the	 subdural	 grid	 is	 present.	 Other	 values	 found	 in	 the	
literature,	based	on	experimental	or	simulation	studies	are	close	to	the	lower	end	of	this	range.	An	often	
cited	 experimental	 study	 on	 the	 size	 of	 cortical	 generators	 producing	 detectable	 scalp	 activity	 is	 the	
seminal	study	of	Cooper	(1965).	It	is	an	in-vitro	study	involving	only	the	skull	(no	CSF	or	brain	matter),	and	
unipolar	 generators	 instead	 of	 dipolar	 layers.	 The	 reported	 6	 cm
2
	 extent	 is	 then	 necessarily	 an	
approximation,	 and	 cannot	 be	 expected	 to	 be	 very	 accurate.	 Experimental	 evidence	 could	 also	 be	
gathered	from	stereo	EEG.	The	depth	electrodes	used	in	stereo	EEG	do	not	significantly	affect	the	electric	
potential	 distribution	 (von	 Ellenrieder	 et	 al.,	 2012),	 but	 the	 depth	 recordings	 can	 only	 provide	 lower	
bounds	 for	 the	 extent	 of	 the	 generators,	 since	 they	 provide	 only	 a	 sparse	 sampling	 of	 the	 cortex.	
Generators	 larger	 than	 3	 or	 4	 cm
2










per	unit	 area	 affects	 only	 the	 amplitude	of	 the	 scalp	potential	 (Geselowitz,	 1967).	Hence,	 it	 is	 almost	







frog	 (Nicholson	 and	 Freeman,	 1975),	 cat	 (Pollen,	 1969;	 Freeman,	 1975),	monkeys	 (Kraut	 et	 al.,	 1985;	












detectability	 limit	 on	 the	 scalp.	With	 higher	 skull	 conductivity	 or	 generator	 strength	 they	would	 have	
gotten	generators	of	lower	extent	producing	similar	scalp	signals.	



















Different	 approaches	 could	 be	 taken	 to	 further	 study	 the	 extent	 of	 cortical	 generators	 of	 IEDs.	 One	
possibility	could	be	to	use	simultaneous	scalp	EEG	and	MEG	measurements.	The	magnetic	 field	 is	 less	
affected	by	the	skull	than	the	electric	potential,	and	in	consequence	not	only	the	amplitude	but	also	the	
spatial	 distribution	of	 the	 field	 changes	 for	 generators	 of	 different	 extent.	 This	 could	 be	 used	 for	 the	




involves	 the	 need	 to	 choose	 many	 parameters	 such	 as	 the	 conductivity	 of	 the	 tissues,	 but	 it	 is	 also	





amplification.	However,	 the	use	of	 fenestrated	grids	could	produce	cortical	 injury	 if	 the	cortical	 tissue	
herniates	through	the	holes.	Our	results	show	that	small	fenestrations	with	1	mm	diameter,	much	less	
likely	to	allow	tissue	herniation,	are	as	effective	as	grids	with	larger	fenestrations.	Whatever	method	is	
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generator	centered	at	 the	same	point	but	under	a	subdural	grid.	 (a)	Location	and	extent	of	 the	 larger	
generator	 under	 the	 grid.	 (b)	 Scalp	 electric	 potential	 distribution	 of	 the	 generator	 under	 the	 grid.	 (c)	
Location	and	extent	of	the	smaller	generator,	no	grid.	(d)	Scalp	electric	potential	distribution	of	the	smaller	
generator.	(b)	and	(d)	are	normalized	by	the	same	value,	i.e.	are	in	the	same	scale.	
	 	
		
	
	
	
	
	
	
	
	
	
	
Figure	9:	Normalized	current	density	distribution	on	a	head	slice.	(a)	Without	subdural	grid.	(b)	With	
subdural	grid.	(c)	With	fenestrated	grid.	
	
